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IMAGING BIOMARKER WITH T1 AND T2 MAPPINGS IN
OSTEOARTHRITIS – IN VIVO HUMAN ARTICULAR CARTILAGE STUDY
C. Yan, C. Wong, T. Li, N. Gong, Q. Chan, K. Chiu. The Univ. of Hong Kong,
Hong Kong, Hong Kong
Purpose: Osteoarthritis (OA) of the knee is a common and dis-
abling disease worldwide. Its prevalence is increasing in view of
the aging population. Changes in collagen content, its orientation
and GAG content in the articular cartilage with age are the major
features in knee osteoarthritis. These changes in collagen and GAG
contents show no manifestation in plain radiography and con-
ventional magnetic resonance imaging (MRI). Nevertheless, early
diagnosis of the knee osteoarthritis is of paramount importance
clinically in view of the evolution of putative interventions in its
early stage. The aim of this project is to identify the relationships
between the two imaging biomarkers (i.e. T1_ and T2 mappings)
and the GAG concentration in living human symptomatic cartilage.
Methods: 28 patients with clinical diagnosis of knee osteoarthritis
were enrolled. 7 males and 16 females were recruited and their mean
age was 68.1 (ranges from 53 to 84). Conventional PD sequence, T1 and
T2 mappings were performed for each subject within 1 week before
total knee arthroplasty. Articular cartilage from the lateral tibial pla-
teau was harvested and the GAG content in cartilage was determined
by using dimethylmethylene blue method. T1 mean and T2 values
were calculated and correlate with GAG concentration statistically.
Results: The mean value T1_ was 40.3  13.5 ms, ranging from
15.3 to 69.3 ms and the mean value T2 was 31.0  10.5 ms, ranging
from 16.1 to 46.9 ms. The mean value of GAG content was 80.1 
33.3 mg, ranging from 24.9 to 166.0 mg while the mean value of
GAG concentration was 267.4  165.9 mg/cm3, ranging from 91.3 to
760.5 mg/cm3. T2 values were inversely correlated with GAG con-
centration with R2 ¼ 0.375, p ¼ 0.001 while T1 values were also
inversely correlated with GAG concentration with R2 ¼ 0.200, p ¼
0.025.
Conclusion: This in vivo study conﬁrmed that T1_ and T2 values
correlate with the GAG concentration in living human knee carti-
lage which corroborates with the previous works. The later (T2
values) is found more reliable in our study and less controversial in
literatures. We postulate that T2 values can serve as a non-invasive
imaging biomarker in the progress of knee osteoarthritis in terms
of both disease diagnosis and treatment response monitoring.
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3D THICKNESS MAPS DERIVED FROM AUTOMATED SEGMENTATION
OF KNEE ARTICULAR CARTILAGE AT 1.5 T: A FEASIBILITY STUDY
USING 3D FS DESS, 3D PD FS FSE, AND 2D PD FS FSE
J.M. Farber y, J. Tamez-Pena z, S. Totterman x, K. Baum k, E. Schreyer k,
E. Brandser y. yQmetrics, Cincinnati, OH, USA; zQmetricsTec de Monterry,
Monterry, Mexico; xQmetrics, Rchester, NY, USA; kQmetrics, Rochester, NY,
USA
Purpose: To evaluate the feasibility of using 3D FS DESS, 3D PD FS FSE
and 2D PD FS FSE at 1.5 T to generate 3D articular cartilage (AC)thickness maps with an atlas based, voxel by voxel automated seg-
mentation platform.
Methods: High in-plane resolution, thin slice sequencing was per-
formed at 1.5 T. 3D FS DESS sequences were obtained on Siemens
equipment (Avanto, Germany). 3D PD FS FSE and 2D PD FS FSE
sequences were obtained on GE equipment (450W, USA). All sequences
had in-plane resolution of 384  384. The slice thickness of the 3D FS
DESS and 3D PD FS FSE sequences ranged from 0.7 to 2.0 mm. The slice
thickness of the 2D PD FS FSE sequence was 2.0 mm. All sequences were
optimized to enhance AC segmentation, including the selection of a TE
appropriate to AC visualization, that is, a TE of 16-18. For the atlases, 3D
FS DESS data from the Osteoarthritis Initiative (OAI, NIH) were used. The
atlases consisted of six data sets, and the segmentation platform
(Qmetrics, USA) has been validated (1). For all scans, an eight channel
dedicated knee coil was used. Twenty segmented data sets of each
sequence were evaluated by two experienced MSK radiologists - each
with over 20 years of experience - for accuracy of AC segmentation,
including inclusion of defects and exclusion of non-AC tissues. For this
feasibility study, subject exclusion criteria included prior surgery or a K-
L score > 2. When required, editing was performed on the segmented
images using the automated platform’s editing tools, before the 3D
thickness maps were generated.
Results: The three sequences tested at 1.5 T all segmented; with some
data sets, minor editing was required for proper segmentation before
generating the 3D thickness maps. When required, the editing process
was performed by the experienced MSK radiologist, and the editing
took 10–15 minutes or less. Unexpectedly, although the atlases were
created from OAI 3D FS DESS data sets, PD based sequences, 3D and 2D,
segmented robustly (Fig. 1). 3D thickness maps were created from each
sequence acquisition seamlessly by the automated platform.
Conclusion: With proper sequencing and supervision, atlas based,
voxel by voxel segmentation and the subsequent generation of 3D
thickness maps is feasible at 1.5T with a variety of sequences. This result
creates the possibility of AC segmentation with sundry sequences,
giving radiologists ﬂexibility in sequence selection. The creation of
sequence speciﬁc atlases presumably will improve segmentation
results, and result in concomitant less editing. Further work will
address this presumption, with surgical correlation.
Fig. 1. Sagittal images (a, b and c) of the knee with - from left to right - 3D
FS DESS, 3D PD FS FSE and 2D PD FS FSE. All data sets were obtained at
1.5T, and all data sets were amenable to automated segmentation. The far
right image, d, is representative of the thickness maps derived from the
voxel by voxel segmentation.
Reference: Unsupervised Segmentation and Quantiﬁcation of Ana-
tomical Knee features; Data From the Osteoarthritis Initiative. Tamez-
Pena, L Farber, J, et al. IEEE Transactions on Biomedical Engineering;
April 2012: vol 59; No 4; pp 1177-1186.
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SPECT/CT IMAGING OF ANKLE OSTEOARTHRITIS: ENHANCED
OSSEOUS TRACER UPTAKE DUE TO SUBCHONDRAL
INTRAMEMBRANOUS BONE FORMATION
J. Geurts, J. Paul, A. Barg, M. Kretzschmar, G. Pagenstert, T. H€ugle,
V. Valderrabano. Univ. Hosp. Basel, Basel, Switzerland
Purpose: Single photon emission computed tomography (SPECT)/CT
enables accurate non-invasive and simultaneous acquisition of infor-
mation on tissue morphology and biological processes in disease.
SPECT/CT imaging using a radiographic bone tracer, such as 99mTech-
netium-dicarboxypropane diphosphanate (99mTc-DPD), is frequently
applied for differential diagnosis of foot and ankle pathologies that pose
a diagnostic challenge due to their complex anatomy. Uptake of bone-
seeking radiotracers is primarily determined by the degree of bone
perfusion and chemisorption to the hydroxyapatite structure of bone
tissue and can be inﬂuenced by environmental factors, such as pH. In
